ABSTRACT
INTRODUCTION
Ferrosilicon magnesium is the one alloy of magnesium that is used to produce all types of ductile iron casting under all types of foundry conditions. Dolomite represents a source of both magnesium and calcium as it consists mainly of double carbonate of Ca and Mg. Calcinated dolomite seems to be a suitable cheap raw material for the production of ferrosilicon magnesium alloy in EAF or in induction furnace [1] [2] [3] [4] [5] [6] [7] . The production of ferrosilicon magnesium from dolomite could be carried out either by metallothermic process using silicon and / or Al or by carbothermic process [8] [9] [10] [11] [12] [13] .
Magnesium content plays an important role in the produced alloy grades from dolomite ore. The silicothermic process of magnesium oxide is controlled by factors. The most important factors are physical properties of slag, the concentrations of reactants, reaction rate constant, reaction time and reaction temperature. At constant temperature, time and low viscosity the reaction rate mainly depends on the concentrations of reactants. In this paper, a mathematical model will be designed to predict magnesium content in ferrosilicon magnesium alloy which is produced by silicothermic reaction of calcinated dolomite at low viscosity of slag.
MATHEMATICAL MODEL
The focus of the present work is to create a mathematical model to predict magnesium content in ferrosilicon magnesium alloy, which is produced by silicothermic reduction of calcinated dolomite. The basic assumption of this model is the low and almost unchangeable viscosity of slag during the reaction. Ferrosilicon magnesium alloy is produced by reduction of calcinated dolomite ore with ferrosilicon containing silicon 75 mass content in %. The reaction is based on the equation:
This system is controlled by chemical and kinetic roles. The limitations of this model are the following:
• The reaction takes place at low slag viscosity and nearly unchanged • The above reaction is isothermal and irreversible • The reaction is second order • Concentration of reducing agent (in molar) is greater than the magnesium oxide ( [Si] > (MgO)) • There is a mass balance in the above reaction
The rate of change of magnesium content in ferrosilicon magnesium alloy is directly proportional to the concentration of magnesium oxide and silicon metal. There is a mass balance in this system. The reaction in equation (2) means that one mole from magnesium oxide reduced by one mole of silicon metal to give one mole of magnesium. This can be writing as:
The above reaction can be rewrite as:
Where at zero time:
At any time:
From equation (3), the rate of change in magnesium content is directly proportional with the concentrations of reactants.
From equations 9, 10, 11 & 12, we obtain
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From boundary conditions, at zero time, from equation (8),
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From equations (51) 
The model is applied for the experimental results of Hoda et al [16] . Tables (1-2) show the constituents and chemical compositions of charges respectively. Figs (1-4) show the actual and predicted magnesium content at different contents of bauxite, limestone, fluorspar and quartzite respectively, the time of reaction is two hours. Fig. 1 shows that the effect of bauxite (alumina content) as given in Tables (1-2) on the magnesium content and the difference between predicted and actual magnesium content. It is clear that the difference between the magnesium mass content in % pred. and magnesium mass content in % actual increase as the alumina increase. This behaviour can be attributed to the negative effect of Al 2 O 3 on the activity of magnesium oxide due to the formation of calcium aluminates [8; 17-18] . Fig.2 shows the difference between the predicted magnesium content and the actual magnesium cont at different limestone. It is noted that -as clear from Fig.2 -the difference between the predicted and the actual magnesium content decreases as the limestone increases (from heats 1 to 3) then the difference, by further limestone increase (heats 4 & 5) , the difference sharply increase. This can be explained by two significant opposite effect. The first one is the positive effect of increasing CaO content -due to increase limestone-in SiO 2 rich slag leading to the formation of 2CaO.SiO 2 , 3CaO.SiO 2 and CaO.SiO 2 [19] [20] [21] [22] [23] [24] [25] . these compounds are formed first and are very stable leading to free MgO for reduction, this mean that the activity of magnesium oxide increase by increasing limestone to some extent. The second factor, is the negative effect of increasing the content of these high molten compounds CaO.SiO 2 , 2CaO.SiO 2 and 3CaO. C, respectively, resulting in higher viscous slag and hence the activity of magnesium oxide decrease. Furthermore, the presence of CO 2 gas, resulting from the decomposition of limestone leads to more oxidation of magnesium. Fig. 3 shows the variation between the predicted and actual magnesium content with difference fluorspar content. The actual magnesium content near to the predicted magnesium content by increasing fluorspar content in the charge through heat numbers 10 up to 13, but by further addition of fluorspar, the actual values of magnesium content began to far from predicted values. These results can be illustrated as follow, the low deviation of actual magnesium content from predicted one; this is as a result of increasing activity of magnesium oxide [26] . On the other hand, addition of more fluorides to silicate slag results in silicon tetra fluoride (SiF 4 ) vapour [27] , and hence concentration of silicon decreases.
It is clear that, the difference between the actual and predicted magnesium content through heats 6 to9 (in which quartzite content increase) decreases up to heat number 8 then followed by increasing as given in Fig.4 . This behaviour can be investigated as follow. There are two opposite factors. The first one, there is a constant distribution of silicon between metal and slag at a given temperature. Therefore, as the slag is saturated with SiO 2 , the silicon content in the alloy increases, also leading to high recovery of magnesium content which cause low deviation in magnesium between actual and predicted contents. The second factor, by further addition of quartzite, the activity of magnesium oxide decreases [28] [29] , this is due to the formation of 2MgO.SiO 2 [30] . On the other side, the excess SiO 2 tends to form a less stable compound such as Ca 3 Mg(SiO 2 ) [31] [32] , which is dissociated to Ca 2 SiO 4 with a high melting point leading to high viscous slag. 
CONCLUSIONS
The predicted magnesium contents are greater than the experimental values. The most important reason is attributed to the use of concentrations instead of activities.
• Based on the assumptions, low viscosity, and the reduction of magnesium oxide by silicon metal, the reaction is controlled by rate of reaction and concentration of reactants (MgO) and [Si] . 
• Volatilization of magnesium metal during the reduction of magnesium oxide process has a great negative significant effect on the gab between the predicted and actual values of magnesium content.
• Finally the difference between the actual and predicted mainly depends on effect of additions on the activities of magnesium oxide and reducing agent, and viscosity of the reaction medium.
